The primary amino acid sequence of the hepatitis B virus (HBV) proteome was searched for identity spots in the human proteome by using the Protein Information Resource database. We find that the HBV polyprotein shares sixty-five heptapeptides, one octapeptide, and one nonapeptide with the human proteins. The viral matches are disseminated among fundamental human proteins such as adhesion molecules, leukocyte differentiation antigens, enzymes, proteins associated with spermatogenesis, and transcription factors. As a datum of special interest, a number of peptide motifs are shared between the virus-and brain-specific antigens involved in neuronal protection. This study may help to evaluate the potential cross reactions and side effects of HBV antigen-based vaccines.
Introduction
Vaccination for infectious diseases may be associated with potential adverse events and possible long-term health disorders (see http://www.cdc.gov/vaccinesafety). Indeed, antigen-specific immunotherapy protocols may target not only the antigen from the infectious microorganism, but also host tissues expressing antigens that share sequences with the target. 1 In general, a vaccine produces a weak immune response; also autoimmune cross-reactions are extremely rare events. [2] [3] [4] [5] Under normal non-stimulated conditions, immune system fails to make immune responses to protein vaccines, unless adjuvants are added. 6, 7 Consequently, the active vaccine preparations currently in use contain adjuvants for obvious reasons of desired immunogenicity, 8, 9 so intrinsically carrying a certain degree of inducing/enhancing a potential cross-reactivity risk.
In order to define quantitatively and qualitatively the molecular basis of active vaccine (auto)immunity, we are undertaking proteomic sequence-to-sequence profile analyses between microbial versus human proteins. 10 Here, the HBV polyprotein was examined for amino acid sequence similarity to the human proteome at the heptamer level. We describe a high level of sharing of heptapeptide motifs between HBV and human proteins, with numerous neuronal proteins involved in the viral versus human peptide overlapping. 
Results
HBV proteins were analysed for amino acid sequence identity to the human proteome using heptamers as scanning units. The theoretical probability of a sequence of 7 amino acids occurring at random in two proteins may be calculated as 20 −7 or 1 in 1 280,000,000, 1 assuming that all amino acids occur with the same frequency. Moreover, to determine the number of times a given viral heptamer might occur at random in the human proteome, one must consider the size of the viral and human proteomes. The analyzed human proteome was formed by 36,103 proteins and 10,431,975 unique 7-mers, and the HBV polyprotein was formed by 1,586 unique 7-mers 10 Therefore, the number of times we would see a HBV 7-mer at random in the human proteome is 20 −7 times the number of 7-mers in the two proteomes. This probability is 12.9. In contrast, Table 1 illustrates that HBV proteins actually share peptide sequences with the human proteome for a total of 65 heptamers. The table also shows that HBV and human proteomes also share one octamer (RLGLSRPL peptide, AA Pos 796-803 in the HBV polymerase protein) and one nonamer (SPRRRTPSP peptide, AA Pos 186-194 in the viral HBV core protein).
Moreover, Table 1 shows that the human proteins hosting heptapeptides from HBV proteome comprehend numerous critical antigens specifically (or, in a few instances, uniquely) expressed in the brain. The critical neuronal role exerted by the human molecules hosting viral motifs is illustrated by the following examples. RNF19 or E3 ubiquitin-protein ligase is involved in neuronal protection, 47 BSN or protein bassoon is exclusively expressed in brain and functions in the organization of the cytomatrix at the nerve terminals active zone which regulates neurotransmitter release, 51 CENG1 or phosphatidylinositol-3-kinase enhancer participates in the prevention of neuronal apoptosis, 23 and so on. Obviously, it is logical to postulate that immune cross-reactions with these neuronal antigens might carry a sequela of inflammatory brain lesions.
Furthermore, Table 1 shows that another set of human proteins hosting 7-mer viral motifs is represented by spliceosomal proteins. 18, 21, 25 This datum is worth noting in the light of the numerous reports on a possible link between splicing phenomena and neurodegenerative diseases. Indeed, (dysregulated) splicing has been implicated in the: 1) selection of the autoimmune T-cell repertoire in multiple sclerosis; 66 2) reduction of the adenosine A1 receptor-β transcript in MS patients, that potentially leads to increased macrophage activation and central nervous system inflammation; 67 3) expression of the citrullinated myelin basic protein isomer, an autoantigen in multiple sclerosis; 68 4) generation of alternatively spliced transcripts of the gene for human Cu, Zn superoxide dismutase, a causative gene for autosomal dominant amyotrophic lateral sclerosis. 69 Moreover, a complex splicing pattern characterizes the human myelin/oligodendrocyte glycoprotein, an highly encephalitogenic autoantigen and a target for autoaggressive immune responses in CNS inflammatory demyelinating diseases. 70 Finally, aberrant splicing has been involved in the generation of an aberrant transcript of excitatory amino acid transporter 2 that has been associated with amyotrophic lateral sclerosis. 71 In this regard, it is also remarkable that the long viral nonamer motif, ie, the SPRRRTPSP peptide sequence (aa pos 186-194 in the viral HBV Core protein), is present in the human Ser/Arg repetitive matrix protein 1 (SRRM1), that is part of pre-and post-splicing multiprotein mRNP complexes. 21 SSRM1 is involved in a number of premRNA processing events (see Table 1 for details). Again, it is quite logical to postulate that a cross-reaction with SRRM1 would alter a number of physiological functions.
Discussion
To our knowledge, this study is the first and most important of its kind in providing a clear-cut analysis of the identity platform linking HBV and Homo sapiens proteomes. Two considerations emerge from the data reported here. First, although the theoretical probability of sharing perfect identical heptapeptide fragments is relatively low, actually we find 65 perfect identical matches between the viral and human proteomes. Based on the need for five or six amino acids to induce a monoclonal antibody response, 1,72 the 65 heptapeptide overlaps might clearly induce autoimmune reactions. Second, the nature of the overlapping is also of interest since a number of viral motifs occur in human proteins that are crucially involved in the neuronal structure and functions.
Given the premises illustrated under the Introduction, these data warn against adverse side-effects of active vaccination using entire HBV antigens. In parallel, the present study might be useful for designing anti-HBV vaccines based on not-shared portions of the viral antigens. More Sequence similarity between HBV and Homo sapiens proteomes Dovepress submit your manuscript | www.dovepress.com in general, the data reported in this study define a practicable procedure to define possible cross-reactions potentially associated with active vaccines.
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